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ABSTRACT 

Cont inuing  development of a series of p r e s -  

s u r e  t r a n s d u c e r s  for  l i q u i d  metal sys tems is 

descr ibed .  Problems encountered  i n  f a b r i c a t i n g  

t h e  p r e s s u r e  c a p s u l e  are o u t l i n e d  a long  w i t h  t h e  

a n t i c i p a t e d  s o l u t i o n s .  The expe r imen ta l  program 
L. 

fo r  comple t ing  the  e v a l u a t i o n  of t h e  the rmion ic  

and v a r i a b l e  impedance detector sys tems is de- 

scribed. Some d e t a i l s  of t he  test f a c i l i t y  are 

d i s c u s s e d .  These i n c l u d e  t h e  l i q u i d  potass ium 

test c a p s u l e s  and t h e  method of measuring d i a -  

I phragm d e f l e c t i o n .  
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1.0(1) 

1.0 I n t r o d u c t i o n  

The o b j e c t i v e  of Contract NAS 3-4170 is t o  

develop  a series of p r e s s u r e  t r a n s d u c e r  equipment 

compat ib le  w i t h  advanced closed cycle power sys- 

t e m s .  These s y s t e m s  u t i l i z e  l i q u i d  metals such  

as mercury,  sodium, potassium and other a l k a l i  

metals a s  working and hea t  t r a n s f e r  media a t  ele- 

v a t e d  tempera tures .  P r e s s u r e  measurements i n  t h e  

high temperature l i q u i d ,  vapor ,  and t w o  phase  

streams w i l l  be r e q u i r e d  for research, des ign  

and c o n t r o l  purposes  for SNAP-8 and other l i q u i d  

metal space power sys tems.  S i n c e  s m a l l  p r e s s u r e  

changes  might i n d i c a t e  t h e  o n s e t  of i n s t a b i l i t y ,  

i n s t r u m e n t s  are r e q u i r e d  t h a t  can  follow and 

record minute  changes.  I n  a d d i t i o n ,  s p a c e  

f l i g h t  r e q u i r e s  l ight-weight p r e s s u r e  measur- 

i n g  sys tems c a p a b l e  of endur ing  long  periods 

of unat tended  o p e r a t i o n .  

E i g h t  p r e s s u r e  ranges  are  inc luded  i n  t h i s  

work c o v e r i n g  both a b s o l u t e  and d i f f e r e n t i a l  pres-  

s u r e  in s t rumen t s .  The  a b s o l u t e  r anges  are 0-5, 
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1.0(2)  

0-26, 6-86, 0-300, and 0-5CC j j ~ i a .  mL- Aut d i f f e r -  

e n t i a l  p r e s s u r e  r anges  i n c l u d e  kl, 25, and +20 

p s i d  a t  s t a t i c  p r e s s u r e s  t o  300 ps ia .  

t e m s  are t o  i n c l u d e  overload p r o t e c t i o n  t o  100 

p e r c e n t  of range .  

A l l  s y s -  

L iqu id  metal p r e s s u r e  measurements a t  ele- 

va ted  t e m p e r a t u r e s  pose many problems which 

challehge the  d e s i g n e r  and demand the best from 

a v a i l a b l e  materials. To e s t a b l i s h  a f i r m  d e s i g n  

base f o r  t h e  complete  series of t r a n s d u c e r s ,  f o u r  

m a t e r i a l s  and t w o  t r a n s d u c e r  s y s t e m s  w i l l  be 

e v a l u a t e d .  

These des ign  data w i l l  t h e n  be i n c o r p o r a t e d  

i n t o  a series of t r a n s d u c e r s  c o v e r i n g  t h e  e i g h t  

in s t rumen t  r anges  d e f i n e d  above. The selected 

material and s i g n a l  t r a n s d u c t i o n  s y s t e m  w i l l  be 

developed for  u s e  a s  e i ther  ground or  f l i g h t  

hardware. 
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2.0 Summary 

Progress i n  t he  des ign  and f a b r i c a t i o n  of 

t h e  FS-85, C129Y,' W-25Re and T-222 p r e s s u r e  cap- 

s u l e s  is p r e s e n t e d .  Using t h e  s i m p l i f i e d  c a p s u l e  

des ign  w i t h  spark  d i scha rge  machined discs,  FS-85 

and C129Y a l l o y  capsules have  been assembled and 

s e c t i o n e d  t o  determine t h e  weld soundness  and 

depth  of weld p e n e t r a t i o n .  Work on t h e  W-25Re 

a l l o y  c a p s u l e  has involved s imi la r  weld sample 

tests and t h e  development of a t r a n s i t i o n  piece 

between t h e  c a p s u l e  and t h e  columbium p r e s s u r i -  

z a t i o n  system. Work on t h e  T-222 a l l o y  c a p s u l e  

is a w a i t i n g  d e l i v e r y  of t h i s  material. 

The expe r imen ta l  thermionic  t r a n s d u c e r  has 

been des igned ,  b u i l t ,  and is now undergoing 

i n i t i a l  check o u t .  The on ly  appa ren t  problem 

has been a heater fa i lure  d u r i n g  t h e  i n i t i a l  

vacuum chamber bake-out. Steps are be ing  t aken  

t o  correct t h e  d e f i c i e n c y .  

The a n a l y s i s  o f  t h e  v a r i a b l e  impedance sen-  

sor r e s u l t e d  i n  expres s ions  r e q u i r i n g  computer 

-3- 



2.0(2) 

s o l u t i o n s .  An a l t e r n a t i v e  expe r imen ta l  program 

has  been deveioped which w i i i  o b t a i n  t h e  d a t a  

needed t o  proceed' w i t h  t h e  e v a l u a t i o n  of t h e  

variable impedance d e v i c e .  I n  a d d i t i o n ,  t h e  

expe r imen t s  w i l l  p rov ide  d a t a  on t h e  s k i n  dep th  

phenomena which,  a t  p r e s e n t ,  must be assumed i n  

the  a n a l y t i c  t r e a t m e n t .  A pancake coil-diaphragm 

mock-up has  been fabr icated and i n i t i a l  e x p e r i -  

ments  have  been conducted.  Resonance effects  

i n t r o d u c e d  by in s t rumen t  impedances made these 

tests i n c o n c l u s i v e .  F u r t h e r  tes ts ,  u s i n g  a 

Q-meter i n s t r u m e n t ,  have  corrected t h i s  s i t u a -  

t i o n .  

F ive  e lec t r ica l  t e r m i n a l s  have been b u i l t  

and tested a t  1800'F and up t o  300 ps ia  i n t e r n a l  

p r e s s u r e .  The r e s u l t s  are p r e s e n t e d  a long  w i t h  

a review of a d d i t i o n a l  t e s t i n g  performed i n  t h e  

very  h igh  vacuum tes t  f a c i l i t y  (10-8 T o r r ) .  

The m u l t i p l e  s t a t i o n  test f a c i l i t y  is b a s i -  

c a l l y  complete. The s y s t e m  has  been c l e a n e d  and 

baked o u t  i n  p r e p a r a t i o n  f o r  t h e  i n s e r t i o n  of 

- 4- 



the  test capsules .  The only remaining work is 

the  mounting of the camera and the f i n a l  piping 

of the argon pressurizat ion system.  



3.0 Besign and F a b r i c a t i o n  of P r e s s u r e  E lemen t  

...--- 1- WUL-K is g r s g r e s a i n g  o n  t h e  FS-85, C129y and 

W-25Re a l l o y  c a p s u l e s .  The T-222 a l l o y  m a t e r i a l  

is not  y e t  d e l i v e r e d .  The necessa ry  e l e c t r o n -  

beam welding t e c h n i q u e s  a r e  be ing  developed a long  

wi th  e f f o r t s  t o  supplement a v a i l a b l e  welding 

f a c i l i t i e s .  9 

Diaphragm c a p s u l e s  were assembled from FS-85 

and C129Y a l l o y s ,  photographs of which a r e  shown 

i n  F i g u r e  1, but  when these c a p s u l e s  were sec- 

t i o n e d  t o  de termine  t h e  dep th  of  w e l d  p e n e t r a t i o n  

i t  was found t h a t  i n s u f f i c i e n t  p e n e t r a t i o n  had 

been o b t a i n e d .  A s e c t i o n  of t h e  FS-85 c a p s u l e  

is shown i n  F i g u r e  2 .  

Work on t h e s e  c a p s u l e s  has been de layed  by 

schedu l ing  problems i n  t h e  electron-beam welding 

f a c i l i t i e s .  A l t e r n a t e  sources are be ing  i n v e s t -  

i g a t e d  i n  o r d e r  t o  speed  up t h e  program. 

A number of  a t t e m p t s  have been made t o  e l e c t r o n -  

beam weld FS-85 columbium a l l o y  t u b i n g  ( p r e s s u r i z a -  

t i o n  sys tem)  t o  t h e  W-25Re a l l o y  ( p r e s s u r e  c a p s u l e ) ,  

-6- 



bu t  i n  every  case t h e  weld showed c r a c k i n g .  I t  is 

fe l t  t h a t  t h e  c r a c k i n g  i n  t h e  weld w a s  probably 

caused  by d i f f u s i o n  of Cb, Ta, etc. i n t o  t h e  W-25Re 

a l loy ,  d e c r e a s i n g  t h e  s o l i d  s o l u b i l i t y  of R e  i n  W 

so t h a t  some C p h a s e  w a s  formed. The W-Re equ i -  

l i b r i u m  diagram (Reference 1) is shown i n  F i g u r e  

3, where it is s e e n  t h a t  t h e  W-25Re a l l o y  l ies  

ve ry  close t o  t h e  / + 6 phase boundary which 

is a t  26  p e r c e n t  R e  a t  15OO0C. 
r r  

The nex t  approach was t o  employ a weld i n s e r t  

of a d i s s i m i l a r  metal between t h e  W-25Re and t h e  

FS-85 a l loy  i n  a n  attempt t o  overcome t h e  weld  

c r a c k i n g .  I n s e r t s  of C b - l Z r ,  molybdenum, rhenium, 

Mo-5ORe were fabricated and mock-ups were made 

by e l e c t r o n  b e a m  welding a s  shown i n  F i g u r e  4. 

Meta l log raph ic  s e c t i o n s  of t h e  w e l d s  are shown i n  

F i g u r e  5 .  I t  is s e e n  t h a t  i n  eve ry  case t h e  welds 

were cracked, t h e  o n l y  e x c e p t i o n  be ing  t h e  W-25Re 

t o  t h e  Y o - 5 O R e  i n s e r t .  

A possible e x p l a n a t i o n  for t h e  s u c c e s s  of 

t h e  W-25Re t o  Mo-5ORe welds  may be found i n  t h e  

-7- 



3.0(3) 

t e r n a r y  e q u i l i b r i u m  diagram fo r  W-Mo-Re (Refer- 

ence 2 )  shown i n  F i g u r e  6. I t  w i l l  be s e e n  t h a t  

a n y  conce ivab le  a l l o y  combinat ion of W ,  Mo and 

R e  which might r e s u l t  from m e l t i n g  t o g e t h e r  W-25Re 

and Mo-5ORe must f a l l  w i t h i n  t h e  a l p h a  s i n g l e  

phase area (co r re spond ing  t o  t h e  phase area i n  

t h e  W-Re b ina ry  diagram, F i g u r e  39 bounded by 

t h e  p o i n t s  Mo-W-Y-Z i n  F i g u r e  6, and w i l l  l i e  

t o  t h e  l e f t  of t h e  d / d  + C p h a s e  boundary, YZ. 

There fo re ,  no c p h a s e  s h o u l d  occur  i n  t h e  weld .  

The Mo-50Re i n s e r t  was cracked where it 

was welded t o  t h e  FS-85. T h i s  sugges t ed  t h e  

p o s s i b i l i t y  of u s i n g  a Mo-50Re t u b e  for making 

t h e  connec t ion  between t h e  p r e s s u r i z a t i o n  system 

and the c a p s u l e .  Another i n s e r t  of Mo-5ORe 

was s u c c e s s f u l l y  welded t o  W-25Re. Accord ingly ,  

s e v e r a l  p i e c e s  of Mo-5ORe t u b i n g  were o b t a i n e d ,  

and an  a t t empt  is be ing  made t o  assemble a W-25Re 

c a p s u l e  i n  t h i s  manner. 

Another t echn ique  c o n s i d e r e d  w a s  t o  make t h e  

t ube  from W-3Re a l l o y  which might prove weldable 

-8- 



t o  W-25Re. This m a t e r i a l  is a v a i l a b l e  i n  r o d  form. 

The i n t e n t i o n  was t o  make t h e  rod i n t o  a t u b e  by 

s p a r k  d i s c h a r g e  machining. 

A sample of W-3Re rod (0 .250  i n c h  diameter) 

w a s  ordered, and was found t o  be broken i n t o  sev-  

e r a l  fragments  a s  a r e s u l t  of damage dur ing  sh ip-  

p ing .  Subsequent d i s c u s s i o n  w i t &  t h e  vendor 

r e v e a l e d  t h a t  t h e  d u c t i l e / b r i t t l e  t r a n s f o r m a t i o n  

t empera tu re  of t h i s  al loy is about  150°C i n  a rod 

of t h i s  diameter, and t h a t  t h i s  t r a n s f o r m a t i o n  is 

below room tempera tu re  on ly  i n  h e a v i l y  worked w i r e .  

T h i s  material w a s  obvious ly  u n s u i t a b l e  for  use  i n  

t h e  p r e s s u r e  t r a n s d u c e r .  

The s i m p l i f i e d  form of diaphragm c a p s u l e  is 

p r e s e n t l y  be ing  assembled a s  shown i n  F i g u r e  7B. 

I n  t h i s  d e s i g n  t h e  diaphragms are machined from 

th i cke r  material, and it w i l l  be s e e n  t h a t  t h e  

s i m p l i f i e d  d e s i g n  comprises  a t u b e  and f o u r  d i s c s  

w i t h  o n l y  f o u r  we lds .  The o r i g i n a l  d e s i g n  shown 

i n  F i g u r e  7 A  comprised a t u b e  p l u s  e l e v e n  p a r t s  

-9- 



and r e q u i r e d  e l e v e n  w e l d s .  I t  is proposed  to  

assemble  any f u t u r e  W-25Re c a p s u l e s  a c c o r d i n g  

to t h e  s i m p l i f i e d  d e s i g n ,  t h e  d i s c s  b e i n g  spark 

d i s c h a r g e  machined.  

-10- 
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4.0 D e f l e c t i o n  - E l e c t r i c a l  S i g n a l  

The a n a l y s i s  of t h e  t he rmion ic  and v a r i a b l e  

impedance d e t e c t o r  s y s t e m s  has been completed and 

is f u l l y  p r e s e n t e d  i n  t h e  F i r s t  Q u a r t e r l y  Report 

(Reference 3). Emphasis has now s h i f t e d  t o  a n  

expe r imen ta l  approach t o  conf i rm t h e  a n t i c i p a t e d  

performance of  t h e  thermionic  d iode  and t o  o b t a i n  

d a t a  needed t o  proceed w i t h  t h e  e v a l u a t i o n  of t h e  

v a r i a b l e  impedance device .  

-11- 



4 . 1 ( 1 )  i 

4.1 Thermionic Diode Sensor  

A d u a l  emitter the rmion ic  t e s t  dev ice  has  

been designed.  F igu re  8 p r e s e n t s  a n  a s s e m b l y  

v i e w  of t h e  d u a l  d i o d e  and F igure  9 shows t h e  

d e v i c e  i n s t a l l e d  i n  one of t h e  tes t  f a c i l i t y  

vacuum chambers. The emitters are P h i l i p s  Type 

B t u n g s t e n  d i s p e n s e r  cathodes ( O a 1 2 0  i nch  d i a -  

meter, 0.040 i n c h  t h i c k )  w i t h  s t a n d a r d  barium 

oxide and aluminum o x i d e  impregnat ion .  The 

r e f e r e n c e  c o l l e c t o r  is mechanica l ly  f i x e d  0.006 

inch from its emitter. The a c t i v e  c o l l e c t o r -  

emitter d i s t a n c e  is a d j u s t a b l e  between 0.004 

and 0.006 i n c h  by means of t h e  micrometer 

a s sembly  mounted on t h e  t o p  vacuum f l a n g e .  

E l e c t r i c a l  connec t ions  f o r  t h e  d iode  heater 

power as  w e l l  a s  t h e  emitters and collectors 

are made u s i n g  feed-through t e r m i n a l s  i n s t a l l e d  

i n  t h i s  f l a n g e .  N icke l  rods (0.1 i n c h  diameter) 

ex tend  from t h e  feed-through t e r m i n a l s  down i n t o  

the tes t  chamber t o  t h e  diode where connec t ions  

are made t o  t h e  v a r i o u s  d e v i c e  e lements .  

- 12- 



-1 

A t ungs t en  w i r e  (0.012 inch  d i ame te r )  formed 

t o  f i t  t h e  c a v i t y  between t h e  t w o  emitters s e r v e s  

a s  t h e  h e a t e r .  

v i d u a l l y  plasma sprayed  w i t h  aluminum ox ide  t o  

e l e c t r i c a l l y  i n su la t e  t h e  h e a t e r  from t h e  emitters. 

T e s t s  have e s t a b l i s h e d  t h e  a b i l i t y  of  t h e  h e a t e r  t o  

raise t h e  emitter assembly t o  t h e  d e s i r e d  o p e r a t i n g  

temperature o f  2100°F (1420OK). 

The c a v i t y  and t h e  h e a t e r  are i n d i -  

-13- 



4.1 .1(1)  

4 .1 .1  T e s t  C i r c u i t r y  and I n s t r u m e n t a t i o n  

The thermionic  diode s y s t e m  desc r ibed  i n  t h e  

F i r s t  Q u a r t e r l y  Report may be s i m u l a t e d  by t h e  

test c i r c u i t r y  shown i n  F i g u r e  10. 

The object of t h e  experiment  is t o  de termine  

t h e  l i n e a r i t y  ach ieved  between a c t i v e  col lector  

d i s t a n c e  and t h e  d i f f e r e n c e  c u r r e n t  ( i a  - i r )  when 

t h e  sum-of-the-currents ( i a  + ir) is h e l d  c o n s t a n t  

by a d j u s t i n g  t h e  v o l t a g e  V. C a l c u l a t i o n s  have i n d i -  

cated t h a t  t h i s  l i n e a r i t y  is about  3 p e r c e n t  when 

( i a  + i r )  is main ta ined  a t  a v a l u e  of 144 m i l l i -  

amperes. T h i s  co r re sponds  t o  a n  a c t i v e  co l lec tor  

d i s t a n c e  of 0.006 i n c h ,  a v o l t a g e  V of 20 v o l t s  

and a n  emitter t empera tu re  o f  1420'K. The possi-  

b i l i t y  of improving t h e  l i n e a r i t y  by having  ( i a  

+ ir) va ry  w i t h  a c t i v e  collector p o s i t i o n  w i l l  

a lso be i n v e s t i g a t e d .  Although t h e  d i f f e r e n c e  

c u r r e n t  a m p l i f i e r  and t h e  feedback r e g u l a t e d  power 

supp ly  mentioned i n  t h e  F i r s t  Q u a r t e r l y  Report 

w i l l  no t  be used i n  t h i s  system, a l l  t h e  c u r r e n t  

and v o l t a g e  v a l u e s  w i l l  be measured and correlated 
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4.1,1( 2) 

with the analysis. 

the information needed to formulate the signal 

conditioning equipment requirements. 

These data should then provide 

An equally important phase of the program will 

involve the determination of errors introduced by 

changes in operating parameters. The parameters 

of interest are emitter temperature (monitored by 

pyrometry through the test chamber viewing window 

and adjusted by changing the heater input level) 

and the voltage V applied to the collectors (moni- 

tored by a voltmeter and potentiometer adjusted). 

Analysis has indicated that errors introduced by 

reasonable changes in these parameters will be 

minimal. Experimental verification would be 

valuable and of considerable importance in 

selecting the preferred detector system. 

- 15- 



4.1.2(1) 

4.1.2 P re l imina ry  T e s t  R e s u l t s  

The first test assembly f a i l ed  fo l lowing  t h e  

i n i t i a l  bakeout i'n t h e  vacuum chamber. T h i s  bake- 

o u t  is a t  1800'F where t h e  t empera tu re  is ra i sed  

t o  t h i s  v a l u e  i n  stages w i t h  t h e  r e s t r i c t i o n  t h a t  

t h e  p r e s s u r e  i n  t h e  tes t  chamber s h a l l  no t  exceed 

lom6 T o r r .  T h i s  p r e c a u t i o n  is necessa ry  t o  avo id  

emitter po i son ing  and t h e  r e s u l t a n t  loss of e m i s -  

s i o n  c a p a b i l i t y .  P r e l i m i n a r y  checks i n d i c a t e d  an  

open c i r c u i t  heater.  Post m o r t e m  examinat ion  re- 

vea led  t h a t  t h e  spo t  weld j o i n t s  between t h e  tung-  

s t e n  heater leads and t h e  n i c k e l  feed-through rods 

had opened. I n  a d d i t i o n ,  t h e  t u n g s t e n  w i r e  broke 

i n s i d e  t h e  emitter a s s e m b l y  and made e f f e c t i v e  re- 

p a i r  of t h e  d e v i c e  imposs ib l e .  I t  is f e l t  t h a t  

e x c e s s i v e  embr i t t l emen t  of t h e  t u n g s t e n  w i r e  due 

t o  t h e  bakeout was a t  f a u l t .  

The second test  a s sembly ,  p r e s e n t l y  i n  progress,  

will i n c o r p o r a t e  m o d i f i c a t i o n s  to s o l v e  t h e  prob- 

l e m s  mentioned above. The t u n g s t e n  heater w i l l  be 

r e p l a c e d  by a heater which is more d u c t i l e  and less 

- 16- 
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4.1.2(2) I 

l i a b l e  t o  embr i t t l emen t  upon h e a t i n g .  I n  a d d i t i o n ,  

t h e  h e a t e r  leads w i l l  have ceramic t u b i n g  t o  pro-  

tect  them i n s i d e ' t h e  emitter sandwich. T h i s  t u b i n g  

w i l l  t e r m i n a t e  o u t s i d e  t h e  sandwich assembly. Also, 

a f l e x i b l e  t r a n s i t i o n  connec t ion  w i l l  be used between 

t h e  h e a t e r  w i r e  and t h e  n i c k e l  r o d  t o  a b s o r b  any 

mechanical  s t r a i n  gene ra t ed  du r iog  t h e  cool-down 

p e r i o d .  

-17- 



4.2(1)  

4.2 ImDedance B r i d g e  Sensor 

I n  o r d e r  t o  e v a l u a t e  t h e  a n a l y t i c a l  approach 

p r e s e n t e d  i n  Appendix C of  t h e  F i r s t  Q u a r t e r l y  Re- 

p o r t ,  an  a t t empt  h a s  been made t o  de te rmine ,  by 

s l i de  r u l e  c a l c u l a t i o n s ,  t h e  induc tance  of  a s i n g l e  

t u r n  pancake c o i l  i n  t h e  p re sence  of a conduct ing  

diaphragm. The d e t a i l s  of t h i s  e f f o r t  a r e  found 

i n  Appendix B. The c o n c l u s i o n  o b t a i n e d  was t h a t  

t h e  a n a l y t i c a l  approach would no t  y i e l d  r e s u l t s  

u n l e s s  a computer is u t i l i z e d .  

Two a l t e r n a t i v e s  p r e s e n t  themselves .  One 

would be t o  use  t h e  computer and t h e  o t h e r  t o  use  

a n  expe r imen ta l  program t o  complete  t h e  a n a l y s i s .  

The expe r imen ta l  program is p r e f e r r e d  s i n c e  it  

would complete  t h e  d e s i g n  d a t a  needed and a l s o  

shows promise of p r o v i d i n g  t h e  s k i n  depth  v a l u e s  

which must be assumed i n  t h e  computer program. 

-18- 



4.2.1(1)  I 

4.2.1 Experimental  Program 

The main o b j e c t i v e  of t h e  exper imenta l  program 

w i l l  be t h e  de te rmina t ion  of pancake c o i l  induc- 

t a n c e  as a f u n c t i o n  of diaphragm p o s i t i o n .  I n  

a d d i t i o n ,  it is expec ted  t h a t  t h e  program w i l l  

r e s u l t  i n  d a t a  t h a t  w i l l  v e r i f y  t h e  basic premise 

of the  a n a l y s i s ;  t h e  presence  of ,an  image c o i l  

whose p o s i t i o n  is determined by a sk in-depth  pheno- 

mena. The d i s c u s s i o n  t h a t  fol lows expands upon 

t h i s  l a s t  s t a t emen t .  

Image theory  has  been proposed as a v a l i d  

method of de te rmining  t h e  c o i l  inductance .  O f  

prime importance is the d i s t a n c e  between t h e  pan- 

cake co i l  and t h e  image c o i l .  T h i s  d i s t a n c e  is 

i n  t u r n  determined by a s k i n  depth phenomena exper-  

i enced  i n  the  diaphragm. A t  some e f f e c t i v e  s k i n  

depth  (which may be p o s t u l a t e d  t o  be some m u l t i p l e  

of a u n i t  s k i n  depth)  i n s i d e  t h e  diaphragm, t h e  

i n d u c t i o n  f i e l d  of t h e  pancake co i l  w i l l  t end  t o  

zero and t h e  pancake and image co i l s  become equ i -  

d i s t a n t  from t h i s  p l ane .  T h i s  phenomena is 

-19- 



4.2.1(2) 

dependent upon t h e  r e s i s t i v i t y  of t h e  diaphragm 

material .  As an exariple,  c o n s i d e r  a p e r f e c t l y  

conduct ing  diaphragm ( r e s i s t i v i t y  = 0 ) .  The 

f i e l d  does n o t  e n t e r  t h e  diaphragm a t  i i 1 1  and 

has its zero v a l u e  a t  t h e  diaphragm s u r f a c e .  

For t h i s  case t h e  pancake c o i l  t o  image c o i l  

d i s t a n c e  w i l l  be twice t h e  pancipke c o i l  t o  d i a -  

phragm d i s t a n c e .  I n  a d d i t i o n ,  t h e  pancake c o i l  

i nduc tance  w i l l  va ry  between a v a l u e  of zero 

when t h e  d i s t a n c e  is zero and a f i n i t e  v a l u e ,  e .g .  

co r re spond ing  t o  complete  absence  o f  a d ia -  
9 

phragm. The induc tance  L w i l l  t e n d  t o  t h i s  v a l u e  a s  

t h e  s p a c i n g  i n c r e a s e s .  Although t h e  e x a c t  shape of 

the cu rve  is u n c e r t a i n ,  F i g u r e  11 i n d i c a t e s  t h e  

g e n e r a l  t r e n d .  The fac t  t h a t  L = 0 a t  dc = 0 

forpri = 0 means t h a t  t h e  pancake and image 

coi ls  are so  close t o  each o t h e r  t h a t  t h e i r  a x i a l  

f i e l d s  c a n c e l  o u t  i n  t h e  p l a n e  of the pancake c o i l .  

Now, an  impor tan t  p o i n t  must be made. The pan- 

cake c o i l  induc tance  is determined by t h e  opposing 

i n t e r a c t i o n  of t w o  a x i a l  i n d u c t i o n  f i e l d s ;  one due 
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4.2.1(3) 

t o  t h e  pancake c o i l  i t s e l f  and t h e  other  due t o  

t h e  image co i l .  The s t r e n g t h  of t h e  image f i e l d  

is governed by t h e  d i s t a n c e  between t h e  co i l s .  

T h i s  d i s t a n c e  is determined by t w o  pa rame te r s ;  

t h e  diaphragm s p a c i n g  and t h e  effective s k i n  depth 

a s  e s t ab l i shed  by t h e  diaphragm r e s i s t i v i t y .  How- 

e v e r ,  t h e  sum of diaphragm s p a c i q g  and e f f e c t i v e  

s k i n  dep th  is t h e  important  t h i n g .  I n  other words,  

t w o  diaphragms of d i f f e r e n t  r e s i s t i v i t i e s  w i l l  

r e s u l t  i n  t h e  same pancake c o i l  induc tance  i f  t h e  

diaphragm s p a c i n g  is a d j u s t e d  t o  compensate for 

t h e  d i f f e r e n c e  i n  e f f e c t i v e  s k i n  depth .  A s  resis- 

t i v i t y  i n c r e a s e s ,  s k i n  depth i n c r e a s e s .  R e f e r r i n g  

t o  F i g u r e  11, the inductance  L2 fo r  a s p a c i n g  dc2 

w i t h  a zero r e s i s t i v i t y  diaphragm would cor respond 

t o  t h e  same induc tance  L2 caused  by a diaphragm 

with zero s p a c i n g  and an e f fec t ive  s k i n  depth  of 
1/2  dc2 determined by a f i n i t e  r e s i s t i v i t y  

T h i s  s t a t e m e n t  a p p l i e s  a l s o  t o  induc tance  L3 where 

a diaphragm w i t h  zero spac ing  would have a n  effec- 

r2. 70 

t i v e  s k i n  dep th  of  1/2 d c3  determined by r e s i s t i v i t y  
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4.2.1( 4) 

Qr3. 
/ 
copper) is used, thefrl = 0 curve will be approached, 

Using this curve, an effort may be made to deter- 

mine correlations between effective skin depth and 

resistivity. Using the standard formula for unit 

skin depth as a function of resistivity, an effort 

will be made to determine whether the effective 

skin depth postulated above is a constant multiple 

of the unit skin depth. 

If a diaphragm of very low resistivity (e.g. 

The use of diaphragms of various resistivities 

should result in a series of parallel curves inter- 

secting the ordinate at larger values of inductance 

for larger values of resistivities. This procedure 

will give an estimate of inductance change with 

diaphragm temperature. 

result in a resistivity change affecting skin 

depth and inductance even at constant spacing. 

A temperature change will 
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4.2.2(1)  

4 . 2 . 2  P r e l i m i n  s t R e s u  1 t s 

A 20 t u r n  s i n g l e - l a y e r  pancake coil (I.D. = 

3/16 i n c h ,  O.D. = 9/16 i n c h ,  AWG 32 heavy Formvar 

i n s u l a t e d  magnet w i r e )  has been f a b r i c a t e d  and 

e n c a p s u l a t e d  i n  t h e  s u r f a c e  of a b lock  of l u c i t e .  

Diaphragm mock-ups of va r ious  m a t e r i a l s  cove r ing  

a range  of r e s i s t i v i t y  va lues  and t h i c k n e s s e s  

(copper ,  1.7 X ohm-cm, 0.015 i n c h ;  cupro- 

n i c k e l ,  39 X 10-6 ohm-cm, 0.031 i n c h ;  monel, 

49 X ohm-cm, 0.015 i n c h ;  K-monel, 58 X 

ohm-cm, 0.021 inch )  have been p repa red  and mounted 

on p o l y s t y r e n e  r o d s .  A test f i x t u r e  has been con- 

s t r u c t e d  t o  allow mounting of t h e  diaphragm samples  

i n  a s u p p o r t  s l i d e  and p o s i t i o n i n g  of t h e  samples  

a t  v a r i o u s  d i s t a n c e s  from t h e  c o i l  by means of a 

v e r n i e r  micrometer. F igure  12 shows t h e  test  f i x -  

t u r e  * 

I n i t i a l  t e s t i n g  of t h e  c o i l  on t h e  basis  of 

impedance measurements proved i n c o n s i s t e n t .  T h i s  

t e s t i n g  involved  t h e  use of a r a d i o  frequency 

s i g n a l  g e n e r a t o r  and a c a l i b r a t e d  o s c i l l o s c o p e  
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I 4 .2 .2 (2 )  

t o  o b t a i n  c u r r e n t  and v o l t a g e  parameters .  P a r a l l e l  

resonance phenomena in t roduced  by t h e  impedance 

c h a r a c t e r i s t i c s  of t h e  i n s t r u m e n t s  made t h i s  method 

i n c o n c l u s i v e .  

The t e s t  c o i l  must be cons ide red  a s  a p a r a l l e l  

LC c i r c u i t  e lement .  T h i s  r e q u i r e s  t h a t  two unknowns, 

L and C, be e v a l u a t e d .  While  i’t may be assumed t h a t  

t h e  c a p a c i t a n c e  C is r e l a t i v e l y  c o n s t a n t ,  t h e  induc- 

t a n c e  L is c e r t a i n l y  a f u n c t i o n  of diaphragm spac-  

i n g  and, acco rd ing  t o  t h e  proposed a n a l y t i c a l  model, 

a f u n c t i o n  of  c i r c u i t  f requency .  For t h i s  r e a s o n ,  

a n  independent  d e t e r m i n a t i o n  of C w i l l  be used t o  

f i x  one of t h e  unknowns and t h e  other  unknown, L ,  

c a n  then  be o b t a i n e d  from e i ther  resonance o r  

impedance d a t a .  

P re l imina ry  tests,  u s i n g  a Q - m e t e r  i n s t rumen t ,  

have e l i m i n a t e d  t h e  resonance  problem mentioned 

above. Capac i tance  and induc tance  v a l u e s  f o r  t h e  

c o i l  parameters  w i l l  be o b t a i n e d  from t h i s  s y s t e m .  
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5.0 E l e c  t r i c a  1 Termina 1 

Five  t e r m i n a l s  have been b u i l t  and tested a t  

1800°F and up t o  300 p s i a  i n t e r n a l  p r e s s u r e .  

t e s t i n g  was performed t o  e s t a b l i s h  t h e  j o i n t  s t r e n g t h  

and t h u s  supp ly  des ign  da ta  for  t h e  f i n a l  t e s t  ter-  

mina l .  The s t r o n g e s t  u n i t  l a s t e d  4 hours  a t  t h e  

maximum c o n d i t i o n .  I t  was noted  %hat  there was a n  

o x i d e  problem t h a t  appa ren t ly  lowered t h e  j o i n t  

s t r e n g t h .  T h e r e f o r e ,  it was decided  t o  t e r m i n a t e  

t h e  series of tests u n t i l  b r a z i n g  and t e s t i n g  cou ld  

be conducted i n  t h e  loe8 T o r r  test environment.  

(See S e c t i o n  6.0.) Table  1 p r e s e n t s  t h e  test r e s u l t s .  

T h i s  

TABLE 1 
ELECTRICAL TERMINAL TEST RESULTS 

Uni t  
No. 

14 

15 

16 

17 

18 

Max. 
P r e s s . ( p s i a )  Time 8 Temp. Loca t ion  of F a i l u r e  

300 4 hrs.-180O0F Break i n  ceramic 

150 5 min.-1400°F Tubu la t ion  f a i l e d  
j o i n t  

300 20 min.-1800°F Break i n  ceramic 

300 17 min.-1800°F Break i n  ceramic 

--- -------------- N o t  leak t i g h t  when 

j o i n t  

j o i n t  

first brazed 
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I t  should  be noted  t h a t  t h e  t es t  p r e s s u r e  was a p p l i e d  

from t h e  i n s i d e  of  t h e  t e r m i n a l ,  and t h e r e f o r e ,  t h e  

stress i n  t h e  j o i n t  was much more t h a n  i f  t h e  p r e s s u r e  

had been a p p l i e d  e x t e r n a l l y .  

A d d i t i o n a l  t e r m i n a l  tests were performed i n  

August i n  t h e  Vacuum T e s t  F a c i l i t y .  Oxide format ion  

appeared t o  be e l i m i n a t e d  but  no*improvement i n  j o i n t  

s t r e n g t h  was observed.  Means for r a i s i n g  t h e  remelt 

t empera tu re  of t h e  b raze  are be ing  i n v e s t i g a t e d  a s  

a s o l u t i o n  t o  t h i s  problem. Also a t e r m i n a l  d e s i g n  

which would reduce  t h e  j o i n t  stress is being  e v a l -  

ua t ed .  

A group of t e r m i n a l s  have been o r d e r e d  f o r  

i n c l u s i o n  i n  t h i s  test  program. F i g u r e  13 i l l u s t r a t e s  

t h i s  des ign .  
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6.0(1) 

6 . 0  Vacuum T e s t  F a c i l i t y  

The basic des ign  concepts  of t h e  m u l t i p l e  s t a -  

t i o n  test f a c i l i t y  are con ta ined  i n  t h e  F i r s t  Quar- 

t e r l y  Report .  During t h i s  report p e r i o d ,  s u b s t a n t i a l  

p r o g r e s s  has been made i n  the c o n s t r u c t i o n  of t h e  

f a c i l i t y ,  which is now b a s i c a l l y  complete. Thc 

s y s t e m  has been c l eaned  and baked out i n  p r e p a r a t i c n  

for t h e  i n s e r t i o n  of t h e  tes t  c a p s u l e s .  The only  

remain ing  work is the aoun t ing  of t h e  carcera and 

t h c  f i n a l  p i p i n g  of the a rgon  p r e s s u r i z a t i o n  sys- 

t e m .  A photograph of t h e  f a c i l i t y  is g i v e n  i n  F igu re  

14. P r e l i m i n a r y  t es t s  have r e s u l t e d  i n  manifold 

vacuum measurements of 2 X 10-9 T o r r  a t  rooin ten- 

p e r a t u r e  and 2 X lo-* Torr  w i t h  one vacuum chamber 

heated t o  1800°F. 
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6.1.1(1) 

6.1.1 Facility Design - Liquid Metal Capsule 
A procedure has been formulated for filling 

the compatibility test capsules with potassium. 

Consolidated Controls Corporation will fabricate 

the capsules and supply them to a qualified out- 

side organization which will perform the follow- 

ing tasks: 

1. Charge the capsules with potassium under 

vacuum, and seal the capsules by electron- 

beam welding. Supply an analysis of the 

potassium used. Return the capsules to CCC 

for testing. 

2.  After testing at CCC, open the capsules, 

completely remove the potassium contained 

and analyze the potassium for impurities. 

Return the capsules along with the impurity 

reports to CCC. 
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6.1.2(1) 

6.1.2 F a c i l i t y  Design - Diaphragm D e f l e c t i o n  Measurement 

A major problem h a s  been t o  f i n d  a technique  

fo r  measuring t h e  m o t i o n  of t h e  diaphragm t o  a n  

accuracy  of 1 percen t  of t h e  t o t a l  t r a v e l .  A t o t a l  

t r a v e l  of 0.002 i n c h  requires t h e  motion t o  be 

measured t o  a n  accuracy  of 20 micro inches .  

I n i t i a l  tests t o  de termine  tge d i s t a n c e  between 

t w o  scribed l i n e s  revealed t h a t  t h e  above  accuracy  

(220 micro inches)  c o u l d  no t  be o b t a i n e d  by direct 

o b s e r v a t i o n .  P a r a l l a x  errors,  caused  by movement 

of t h e  o b s e r v e r ' s  eye, together w i t h  t h e  d i f f i c u l t y  

of p o s i t i v e l y  i d e n t i f y i n g  one p a r t i c u l a r  p a i r  of 

l i n e s ,  d i c t a t ed  t h e  u s e  of a photographic  t echn ique  

t o  produce a photograph from which measurements 

cou ld  be taken .  

In t h e  pho tograph ic  system, there are t w o  

s o u r c e s  of error, t h e  op t ica l  system and t h e  f i l m  

i tself .  The o p t i c a l  system may be analyzed  by 

c o n s i d e r i n g  t h e  f i n e n e s s  of de t a i l ,  or r e s o l u t i o n ,  

of t h e  o b j e c t i v e  l e n s .  T h i s  a n a l y s i s ,  as i t  
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a p p l i e s  to  t h e  p r e s e n t  expe r imen ta l  s e t -up  us ing  

a b i n o c u l a r  microscope w i t h  a 4 i n c h  working d i s -  

t a n c e ,  is c o n t a i n e d  i n  Appendix c. A r easonab le  

e s t i m a t e  of t h e  maximum a t t a i n a b l e  r e s o l u t i o n  of 

t h i s  sys tem is 360 micro inches .  However, t h i s  is 

an o p t i c a l  s y s t e m  error dependent upon parameters  

such  a s  o b j e c t i v e  i l l u m i n a t i o n ,  $orking d i s t a n c e ,  

l e n s  d i ame te r ,  e t c .  Assuming t h a t  these parameters  

a r e  he ld  f a i r l y  c o n s t a n t ,  t h e  error w i l l  a l s o  be 

c o n s t a n t  ove r  a number of photographs.  

Of  more immediate concern  is t h e  error i n t r o -  

duced by t h e  f i l m  i t s e l f  ( f i l m  d imens iona l  s t a -  

b i l i t y ,  i n t r i n s i c  r e s o l u t i o n  c a p a b i l i t y  of t h e  

f i l m ,  and emulsion r e sponse  t o  both t h e  l i g h t  

i npu t  and t h e  development p r o c e d u r e s ) .  These 

effects  w i l l  appear  a s  r e p r o d u c i b i l i t y  e r r o r s  

between photographs t aken  of i d e n t i c a l  o b j e c t s  

under i d e n t i c a l  c o n d i t i o n s .  

The b i n o c u l a r  microscope is equipped w i t h  a 

direct  i l l u m i n a t o r  which r educes  t h e  working 

d i s t a n c e  f r o m  4 i n c h e s  t o  3 i n c h e s .  S ince  t h e  
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test p i e c e  w i l l  be approximately 3.5 i n c h e s  from 

t h e  viewing window, t h e  working d i s t a n c e  of t h e  

camera system must be g r e a t e r  t h a n  t h i s  d i s t a n c e .  

The i l l u m i n a t o r  was therefore modif ied so t h a t  

t h e  working d i s t a n c e  was i n c r e a s e d  t o  3.75 inches .  

A number of photographs were t a k e n  of a pair  

of scribed l i n e s  a t  nominal 30Xand  40X magnif ica-  

t i o n  u s i n g  t h e  b inocu la r  microscope and a camera 

f i l l e d  w i t h  P o l a r o i d  f i l m .  The d i s t a n c e s  between 

t h e  images of t h e  l i n e s  on t h e  photographs  t h u s  

produced were measured a t  7X m a g n i f i c a t i o n  by 

means of t h e  b i n o c u l a r  microscope f i t t e d  w i t h  a 

f i l a r  eyep iece .  D i f f e r e n c e s  of s e v e r a l  hundred 

micro inches  were observed between s u c c e s s i v e  

i d e n t i c a l  photographs.  

To overcome t h i s  d i f f i c u l t y ,  g l a s s  me ta l lo -  

g r a p h i c  p l a t e s  were used. P r e l i m i n a r y  tests u s i n g  

the g lass  p l a t e s  i n d i c a t e  t h a t  t h e  i n d i v i d u a l  p l a t e  

c a n  be read t o  a n  accuracy of 7-15 micro inches .  

However, a s  i n  t h e  case of t h e  P o l a r o i d  f i l m ,  

d i f f e r e n c e s  were observed i n  measurements t aken  
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between t h e  same l i n e s  on d i f f e r e n t  photographs.  

T h i s  r e p r o d u c i b i l i t y  error,  w h i l e  no t  a s  s e v e r e  

as w i t h  t h e  P o l a r o i d  f i l m ,  was about  200 micro- 

inches .  P r e s e n t  work is aimed a t  re f inement  of 

t h i s  l a t t e r  t echn ique  and e v a l u a t i o n  of t h e  r ep ro -  

d u c i b i l i t y  error. 

S e v e r a l  p r e l i m i n a r y  tests h&e been made u s i n g  

a mechanical  s y s t e m  t o  ampl i fy  t h e  diaphragm move- 

ment by a f a c t o r  of about  10. Using t h i s  s y s t e m ,  

t h e  r e p r o d u c i b i l i t y  e r r o r  of  200 micro inches  w i l l  

be reduced t o  20 micro inches ,  assuming no other 

u n c e r t a i n t i e s .  F i g u r e  15 shows t h e  s y s t e m  i n s t a l l e d  

i n  a vacuum test  chamber. Both t h e  p re l imina ry  

test mock-up and a p r e s s u r e  c a p s u l e  i n s t a l l a t i o n  

a r e  shown. 
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C129Y 
Capsule 

f5-85 

Figure  1 

FS-85, C129Y Diaphragm Capsules 
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(Complete) (Complete ) 

Peripheral Weld 
\ (Incomplete) 

Section cut parallel to capsule diameter. 
Slight distortion occurred during mounting. 

Figure 2 

Weld Section of FS-85 Capsule 
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W - R e  Binary Equilibrium Diagram 
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Figure 4 

E-B Weld Mock-ups U s i n g  Various Inserts 
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W-25Re,Yo-5ORe weld incomplete. 
Mo-50Re,FS-85 weld broke off 
but intermetallic compounds and 
shattered weld are evident. 

W-25Re Re Weld r l  I 
Re- FS-85 / W-25Re Yo-5ORe Mo-50Re,Fs-85 Weld - b 

\ I I  

Mo-SOBe 
\ 

WP-25Re,Re weld cracked and broke 
during sectioning. Re,PS-85 
weld complete. 

Complete Weld 

Figure 5 

Metallographic Sections of Welda 
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Figure 6 

W-Mo-Re Ternary Equilibrium Diagram 
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Figure 7 A  
Ring P l a t e  Diaphragm Design 

Machined Diaphragm Design 

F i g u r e  7 

Diaphragm Capsule Design 
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Figure 8 

Dual Emitter T e s t  Device 
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Dual Emitter Test Device - Vacuum Chamber Installation 
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Figure 10 

Thermionic T e s t  Circui try  
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Figure 11 

Inductance-Distance Characteristics 
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Lucite 
Mounting 

Diaphragm 
I 

Figure 12 

Variable Impedance Test Fixture 
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Figure 13 

E l e c t r i c a l  Terminal 
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(4 )  Vacuum T e s t  Chamber 

Vatu 
Man - 

\Cold Trap / Ion Pump 

Ion Pump I 
Power Supply 

(4 )  Ch>mber Heat Supply 
(Transformer & Variac) 

Figure 14 

T e s t  F a c i l i t y  
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Figure 15 

Diaphragm Motion Amplifier System 
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I 

APPENDIX A 

NOMENCLATURE 

a 

A 

AC 

A e  

B 

C 

C t  

d 

da 

dC 

d r  

e 

*i 

EO 

f 

F.D. 

FLC 

Radius of i n d i v i d u a l  t u r n  of pancake c o i l  

Thermionic c o n s t a n t ,  120 amperes/cm2 

Area of c a p a c i t o r  p l a t e  

Thermionic emitter a r e a  

Thermionic c o n s t a n t  

Capac i tance  between pancake c o i l  and diaphragm 

Transmiss ion  l i n e  c a p a c i t a n c e  

Thermionic emitter-collector d i s t a n c e  

Thermionic emitter - p r e s s u r e  a c t u a t e d  
collector d i s t a n c e  

Pancake c o i l  - diaphragm d i s t a n c e  

Thermionic e m i t t e r - r e f e r e n c e  collector 
d i s t a n c e  

E l e c t r o n i c  charge  (1.6 X lOW19 coulomb) 

Inpu t  v o l t a g e  t o  impedance b r i d g e  

Output voltage of impedance b r i d g e  

Frequency 

F ineness  of d e t a i l  o f  o b j e c t i v e  l e n s  

Thermionic collector Fermi l e v e l  energy 
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A . 2  

NOMENCLATURE ( c o n t  d )  

i o  

ir 

I 

I C  

IS 

Thermionic emitter Fermi l e v e l  energy 

Transmiss ion  l i n e  conductance 

T o t a l  a x i a l  i n d u c t i o n  f i e l d  r e l a t e d  t o  n t h  
t u r n  of pancake c o i l  

Induc t ion  f i e l d  a t  c e n t e r  of conductor  loop 

Ax ia l  i n d u c t i o n  f i e l d  component ( c y l i n d r i c a l  
c o o r d i n a t e s )  

Rad ia l  i n d u c t i o n  f i e l d  component ( c y l i n d r i c a l  
c o o r d i n a t e s  

Thermionic active collector c u r r e n t  

Pancake c o i l  loop  c u r r e n t  

Thermionic r e f e r e n c e  collector c u r r e n t  

Thermionic c u r r e n t  d e n s i t y  

E l l i p t i c  i n t e g r a l s  r e l a t e d  t o  pancake c o i l  

E l l i p t i c  i n t e g r a l s  related t o  image c o i l  

Cur ren t  d e n s i t y  for  c r i t i c a l  thermionic  
emitter 

S a t u r a t i o n  emiss ion  c a p a b i l i t y  of a s u r f a c e  
( c u r r e n t  d e n s i t y )  

The Boltzmann Constant  (1.38 X joule/deg.K) 
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A . 3  

n r  

N 

N.A. 

ri  

r0 

R t  

S 

S 

sb 

t 

T 

TC 

V 

VC 

NOMENCLATURE ( con t  ' d )  

Pancake c o i l  inductance  

Transmiss ion  l i n e  inductance  

Indexing parameter  

Index of r e f r a c t i o n  

Number of t u r n s  i n  pancake co i l  

Numerical a p e r t u r e  of object ive l e n s  

Inne r  r a d i u s  of c o a x i a l  cable 

Outer  r a d i u s  of c o a x i a l  cable 

Transmiss ion  l i n e  r e s i s t a n c e  

Dis tance  along t r a n s m i s s i o n  l i n e  from 
the  i n p u t  end 

Transmiss ion  l i n e  l eng th  

B a r t  be rge r  f a c t o r  

Time 

Temperature 

Cri t ical  emitter tempera ture  above which 
space  charge  occur s  

Vol tage  a p p l i e d  t o  thermionic  collector 

E f f e c t i v e  e m i t t e r - c o l l e c t o r  p o t e n t i a l  
d i f f e r e n c e  
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A . 4  

V e  

Vm 

V t  

XC 

X e  

ZO 

o( 

P 
Y 
s 
4 

NOMENCLATURE ( c o n t  ' d) 

P o t e n t i a l  due t o  the rmion ic  s p a c e  cha rge  
effect  

Voltage g e n e r a t e d  i n  i n d i v i d u a l  t u r n  of 
pancake c o i l  

T o t a l  v o l t a g e  g e n e r a t e d  i n  pancake c o i l  

D i s t ance  from collector t o  maximum space 
charge 

* 

Dis tance  from emitter to maximum s p a c e  
charge 

Pancake c o i l  r e a c t a n c e  

Spacing between pancake and image c o i l s  

Input  impedance of t r a n s m i s s i o n  l i n e  

Termina t ing  load impedance of t r a n s m i s s i o n  
l i n e  

Characteristic impedance of t r a n s m i s s i o n  
l i n e  

Transmiss ion  l i n e  a t t e n u a t i o n  c o n s t a n t  

Transmiss ion  l i n e  phase c o n s t a n t  

Transmiss ion  l i n e  p ropaga t ion  c o n s t a n t  

Sk in  dep th  i n  a medium 

Sk in  depth a t  which f i e l d  becomes n e g l i b l e  
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A . 5  

NOAENCLATURE (cont'd) 

€ 
E, 

Dielectric constant of medium = 

Dielectric constant of vacuum (8.854 X 
far a d/me t er ) 

Relative dielectric constant of medium 

Wavelength in medium 

Wavelength of illuminating light 

Wavelength in vacuum 

Permeability of medium - 
Permeability of vacuum (1.257 X 10-6 
henry/meter) 

Relative permeability of medium 

Half-angle subtended by objective lens 

3.1416 

Resistivity of material 

Conductivity of material 

Thermionic work factor 

Thermionic collector work function 

Thermionic emitter work function 

Flux linked by individual turn of pancake 
coil 
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A . 6  

I 

NOMENCLATURE (cont'd) 

cc) Angular frequency = 2n'f 

(x ,y ,z )  Cartesian coordinates 

( , d , z )  Cylindrical coordinates 

(r,e,d) Spherical coordinates 
P 
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APPENDIX B 

CALCULATION OF PANCAKE COIL INDUCTANCE 

Using t h e  a n a l y s i s  p re sen ted  i n  t h e  F i r s t  Quar- 

t e r l y  Repor t ,  a n  e f f o r t  was made to determine,by s l i d e  

r u l e  c a l c u l a t i o n s ,  t h e  inductance  of a s i n g l e  t u r n  

pancake c o i l  i n  t h e  presence of a conduct ing  diaphragm. 

The induc tance  may be expressed  as 
I d= 

wherePo is t h e  pe rmeab i l i t y  of vacuum; a is t h e  
I 

r a d i u s  of t h e  c u r r e n t  loop; Fc and F i  are f u n c t i o n s  

i n v o l v i n g  e l l i p t i c  i n t e g r a l s  and dependent upon t h e  

parameter a and t h e  c y l i n d r i c a l  c o o r d i n a t e s  z and . 
The s u b s c r i p t s  ( c )  and ( i )  refer to pancake c o i l  and 

I" 
image c o i l  parameters  r e s p e c t i v e l y .  The d i s t a n c e  

between t h e  pancake and  image c o i l s  is r e l a t e d  t o  

t h e  diaphragm s p a c i n g  and a p p e a r s  i n  F i .  

The i n i t i a l  e f for t  involved t h e  use  of a s p a c i n g  

o f  0.006 i n c h  which dec reases  t o  0.004 i n c h  under p re s -  

s u r e .  The loop r a d i u s  was assumed t o  be a = 0 . 4  inch .  

C a l c u l a t i o n s  showed t h a t  for  t h i s  s p a c i n g ,  t h e  d i f f e r -  

ence  between t h e  Fc and F i  t e r m s  was too s m a l l  t o  be 

e v a l u a t e d  by s l i d e  r u l e  and a r e s u l t  was no t  o b t a i n a b l e .  

-55- 



B-2 

To remedy t h e  s i t u a t i o n ,  t h e  diaphragm s p a c i n g  

was i n c r e a s e d  t o  0.100 i n c h  and a t r a v e l  of 0.008 

inch  under p r e s s u r e  was p o s t u l a t e d .  

parameters ,  an  estimate of L w a s  o b t a i n e d  for  a 

spac ing  of 0.100 inch .  Using a number of v a l u e s  

Using these 

, i t  was found t h a t  (Fc - F i )  is of a t angen t  
Of  9 

)O 
form, changing from z e r o  a t  = 0 t o  i n f i n i t y  a t  P - 0 .4 .  The a n a l y t i c a l  t r e a t m e n t  of t h e  i n t e g r a l  

involved  the  adop t ion  of a t angen t  f u n c t i o n  i n  

p l a c e  of  (Fc - F i ) .  I t  appeared  t h a t  a r e a s o n a b l e  

form would be 

(Fc - P i )  N 3 t a n  (90 /0.4) degrees  (B-2)  10 
Using t h i s  approach and i n t e g r a t i n g  t o  = 0.395 P 

i n c h  ( t o  avoid  t h e  compl i ca t ion  of o b t a i n i n g  i n f i n i t y  

- 0 .4 )  a v a l u e  of L - 0 . 2  microhenry was ob ta ined .  
at P 
If t h e  c o e f f i c i e n t  of t h e  t angen t  f u n c t i o n  is raised 

t o  4 and t h e  i n t e g r a t i o n  c a r r i e d  o u t  t o  f - 0.399 
i nch ,  t h e  v a l u e  of L becomes 0.5 microhenry.  These 

changes a r e  w i t h i n  r e a s o n .  T h e r e f o r e ,  a range  of L 

would be 0.2 - 0 . 5  microhenry.  

From t h i s  p o i n t ,  an e f for t  w a s  made t o  e v a l u a t e  

t h e  induc tance  change o b t a i n e d  when t h e  diaphragm 
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has moved 0.008 i nch  t o  a s p a c i n g  of 0.092 inch .  

I n  doing  t h i s ,  i t  was found tha t  t h e  parameter 

(Fc - P i )  c o u l d  be approximated by t h e  same tan -  

g e n t  f u n c t i o n  as before. I t  must be stressed 

t h a t  t h i s  e v a l u a t i o n  was o b t a i n e d  by use  of a 

l i m i t e d  number of f v a l u e s  and t h e  t angen t  

r e p r e s e n t a t i o n  fits e q u a l l y  a s  w e l l  for  diaphragm 

s p a c i n g s  of 0.100 and 0.092 inch .  T h i s  means 

t h a t ,  as  far a s  s l i d e  r u l e  c a l c u l a t i o n s  can  deter- 

mine, there is no inductance  change w i t h  diaphragm 

s p a c i n g  . 
Checking the  v a l u e s  of Fc - F i )  for  s p a c i n g s  

of 0.100 and 0.092 a t  g iven  v a l u e s  of f r e s u l t s  

i n  d i f f e r e n c e s  s t a r t i n g  a t  about  10 p e r c e n t  for 

v a l u e s  and d e c r e a s i n g  t o  about  1 p e r c e n t  4 
approaches 0.4. Since  t h e  v a l u e  of t h e  

i n t e g r a t i o n  w i l l  depend p r i m a r i l y  on large v a l u e s ,  

t h e  induc tance  w i l l  change by much less t h a n  10 per- 

c e n t .  The exact pe rcen tage  change cannot  be deter- 

mined manually.  The i n t e g r a t i o n  must be performed 

on t h e  a c t u a l  v a l u e s  of (Fc - F i ) .  

as 4 P 

T h i s  means t h a t  
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many v a l u e s  of f must be used and a geomet r i ca l  

de t e rmina t ion  of t h e  area under t h e  c u r v e  must be 

made. T h i s  is most e a s i l y  and most a c c u r a t e l y  

ob ta ined  by computer o p e r a t i o n s .  

I n  a d d i t i o n  t o  t h e  above s t a t e m e n t s ,  it must 

be remembered t h a t  t h i s  involved  only  one c u r r e n t  

loop.  The proposed pancake c o i l  may have as  many 

a s  20 t u r n s .  Therefore,  t h i s  c a l c u l a t i o n  must be 

done 20 t i m e s  and the  r e s u l t s  summed up. 

* 

I t ,  therefore, appears t h a t  t h e  developed 

impedance a n a l y s i s  c a n  be prac t ica l ly  so lved  only  

by a computer t echn ique .  
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APPENDIX C 

FINENESS OF DETAIL OF AN OBJECTIVE LENS 

According t o  Kehl (Reference 4) ,  t h e  f i n e n e s s  

of detail ,  o r  the  a b i l i t y  of an object ive l e n s  t o  

produce sharp ly  de f ined  s e p a r a t e  images of closely 

spaced de ta i l  i n  t h e  object, is dependent upon t h e  

numerical  a p e r t u r e  of t he  o b j e c t i v e  and the  wave- 

l e n g t h  of l i g h t  used t o  i l l u m i n a t e  t he  object. I f  

t h e  a p e r t u r e  of t h e  o b j e c t i v e  is completely flooded 

w i t h  l i g h t ,  t h e  f i n e n e s s  of detail  o b t a i n e d  w i t h  

t h e  p a r t i c u l a r  objective w i l l  be a maximum, and 

may be expressed  as  

F.D. = A i  (C-1) 
20 

where X i  is t h e  wavelength of t h e  i l l u m i n a t i n g  

l i g h t  and N.A. is t h e  numerical  a p e r t u r e  of t he  

o b j e c t i v e  . 
The numer ica l  a p e r t u r e  may be expressed a s  

N.A. = r s i n p s  (C-2) 

where nr is t h e  index  of r e f r a c t i o n  of t h e  med ium 

between t h e  l e n s  and t h e  o b j e c t  and s is one-half  

t h e  a n g l e  subtended  by t h e  l e n s .  
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I f P S  = 30°, N . A .  becomes 0.5 i n  a i r  (nr  - 1 ) .  

For  t h e  b i n o c u l a r  microscope a t  4 i n c h  working d i s -  

t a n c e ,  N.A. becomes 0.058. For green  l i g h t  i l lum-  

i n a t i o n  ( X i  = 0.00053 m i l l i m e t e r ) ,  t h e  f i n e n e s s  

of d e t a i l  is 0.00053/2(0.058) mm. or  180 micro inches .  

T h i s  r e s u l t  assumes i d e a l  c o n d i t i o n s .  I n  t h e  

b inocu la r  microscope,  o n l y  o n e i h a l f  o f  t h e  o b j e c t i v e  

l e n s  is used  and t h e  c e n t e r  of t h e  l e n s  is obscured  

by a mirror. Also t h e  l i g h t  is not  p a s s i n g  through 

t h e  o b j e c t i v e  normally,  b u t  a t  a s l i g h t  ang le .  

Thus a closer approximation would be 

F.D. = X i  
H.K. 

r e s u l t i n g  i n  360 micro inches  r e s o l u t i o n .  

Even i f  a r e l a y  microscope a t  4 i n c h  working 

d i s t a n c e  were used,  t h e  r e l a y  t e l e s c o p e  would have 

an N.A. of approximate ly  0.1 and t h e  microscope 

would have a n  N.A. o f  0.66. The o v e r a l l  N.A. of 

t h e  system would be l i m i t e d  t o  t h e  smallest N.A.  

of t h e  p a r t s  of t h e  system, i .e. N.A.  = 0.1. 

(C-3) 
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